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*• Process for tne , as phas(1 Mtalytic 

fluorination of a saturated haiogenated aliphatic 
hydrocarbon by »eans of hydrof luo ric acid i» th . 
_**^,SL»W« or supported eatal^t based on 
=hro*iu» oxide or oxides of ebrciu* and at least ona 
other eatalytically active „etal. in , i6icn t „ e ^ 
P-t of tbe oxide,*, is ln the crystaliiae ^ ^ 
-be. tbe catalyst is a bulb cataiyst, its specific 
surface, after activation with Hr. is at least B 
*■ Process according to clai. !, iB WMcn t „. 

»etal associated „ith tbe ehro»iu» is cbos.n fro. 

M, " ai "' alrtel - "on, cobalt, vanadiu. and 

manganese. 

5- Prcc ess according to any one of claims 1 to 

«. in which the crystalline phase comprises the oxide 
Cr : o (/ cro ; , Kic rj 0 4 , Kicro 3 , Nicro,, Mgcro,, or zncr.o, or 
a mixture of these oxides. 
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A fluorinated hydrocarbon obtained by chi 
process claimed in any one of Claims 1 to 12 . 
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The present invention relates to the gas 
phase fluorination of halogenated hydrocarbons and its 
subject is more particularly a process for catalytic 
fluorination of saturated halogenated aliphatic 
s hydrocarbons by means of chromium-based crystalline 
catalysts. 

Intensive investigations conducted into the 

substitutes for chlorof luorocarbons (CPCs) are 

directed, inter alia, towards the synthesis of 

10 halogenated hydrocarbons which have more complex 

formulae and which are chemically more reactive. This 

new step forward in fluorination has resulted in the 

development of more active and, above all, more 

selective catalysts. Thus, chromium derivatives - 

15 already renowned as good catalysts for gas phase 

fluorination - have been the subject of more specific 

preparations (precursors, operating conditions etc) to 

improve further their catalytic performance, m some 

cases the catalytic power of chromium has also been 

20 strengthened by the addition of other metallic 

elements, such as cobalt, zinc, magnesium, iron, CO pper 
etc. 

in the temperature range commonly employed 
for gas phase fluorination (200-450 »C) the rate of 
25 fluorination of the oxygen-containing chromium 
derivatives by hydrofluoric acid decreases 
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exponentially as a f unction of the dftgree q£ 

fluoridation of the catalyst. While an' P'/Cr atomic - ' " 
ratio of the order of 1.5 is rapidly reached# obtaining 
higher F/Cr atomic ratios (2.5 to 3 i„ the case of 
5 Cr(III), requires, on the other hand, either very long 
fluorination periods <> I00 hours J , or operation at 
higher temperatures, with risks of degradation of the 
catalyst. 

US Pa.e„t 3,428,009 describes the synthesis 
10 of fluoridated compounds „ hicl) u ^ on ^ ^ 
fluorination with w „ ith a chrolduji| . bM<d catalyst _ 
This catalyst is obtained by ther»al-reductio„ of CrO,. 
The activity of the catalyst depends on the proportion 
of chroaiun in an oxidation state higher than 3, „nich 
1= » present in the catalyst at the end of the heat 
treatment. It is = Wly stipttlated th „ ^ 
xn arr not exceed ^ ^ ^ ^ ^ 

nailed "green chroaiu* oxide-, „ hi c h ls not active. in 
fluorination (coluan 1, Une s lis to 70 and coin™ 2, 
0 lines 9 to 16) . 

The catalyst claimed in US Patent 3,992,325 
" a trihydrated chro^i*.,!!!, oxid „. ,„ ^ ^.^ 
oonsidered for a Ion, tine to be amorphous, the authors 
have identified an orthorhosu.ic crystalline phase 
corresponding to a "gasss, chromiun, oxide-hydroxide - 
structure, written -* CrOOB". This crystailine phase 
ha. been found to be an exceUent fluorination catalyst 
(oolunn 1, Unes 20 to 30,. r„ most eases th . 
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»uet first of all b . subj . cted to „ activatioa (colum . 

3. lines 55 to 65). ^ it ls opeoi£le< , ^ ^ 

feature during this activation aust not 

SOO-C in order to avoid th. formation of any other 
S crystalline phase of th. chronic, which is inactive in 
fluorinatio. (column 3. Jin.s « ta 68 and column 4. 
lines 1 and 2) . 

* specific preparation of a chromium 
cataly.t. described in Suropean Patent BP 514,532 A2 
10 Produce a chromium oxide of very large surface area 
(» "0 a>/g> . To exhibit a sufficient fluorination 
ectivity. this catalyat must he amorphous (page 3. 
lines 1 to 3 and lines 40 to 43) and mu.t therefore 
have a large surface area. The authors explain that it 
■S is necessary to avoid a calcination at excessively high 
temperature to limit the risx of crystallisation of the 
chromium oxide (pag. 3, iin e0 35 to 40). 

Only European Patent BP 548.742 A3, is )=no«n 
to desorihe th. use of a crystalline chromium catalyat // 
' **- type of catalyst is employed specifically for the I 
Purification of F134. by ccnvaraion of PU23 (CF^CnCl) 

«k (CF.-CCM,, . The catalyst. must have a 
crystallinity higher the. 50 %. Th. chroniun oxide Cr, 0j 
is aither in bulh , oan or i. mted on fluorWsd 
.lumina. Th. advantage of this crystalline ehromiu. 

oxide is based on the ab»«n-a 

6 ab8eaee of emission of volatile 

and toxic chromic (VX) oxyfluorides during the 
regeneration (p age 2 , lines 42 to In ^ ^ ^ 
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this coke-generating purification (presence of Pll22) 
the small surface area of the catalysts does -not permit 

a lifetime without very long regeneration (regeneration 

every 24 hours) . 

The addition of ••dopants" to improve the 
catalyst performance of chromium derivatives can, in 
some cases, also retard the crystallisation of the 
catalyst. Thus, European Patent BP 546,883 ai claims a 
»i*ed catalyst based on chromium and nickel oxides. 
Although it is possible to introduce Cr 2 o, (amorphous or 
crystalline, to improve the toughness of the catalyst, 
it is recommended to avoid excessively high 
temperatures capable of inducing a crys tall i.at ion of 
the active part of the catalyst (page 4, lines So to • 



20 



25 



Similarly, us Patent 4.Si,. te3 describes the 
preparation of a bulh catalyst by precipit.tic. or a 
chromium,!!!, salt do ? ed vith , magnesium salt. In 
order te avoid a drop in reactivity of chromium oxide 
toeards hp and thus to facilitate the formation of 
fluorinated active species, the drying and the 
activation of the catalyst are ,l»y s conducted at a 
temperature belov 4.0-c (column 3, lines » to «, . 

Finally, 2urope»a Pntant EP 502 60s describes 
a chromium catalyst promoted using , zinc-based 
compound, aer. again, a. vith ,11 the catalyst, 
mentioned in the above example., the catalytic activity 
13 lln * e,i "-Pletely or partially fluorinated 
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species. In chis particulcr case the active catalyst 
consists of zinc fluoride and chromium Oxyf luorides and " 
fluorides (page 3. lines 47 to 52). This is why it is 
desirable to pretreat these catalysts with HP before 
5 employing them in fluorinatioa. 

Oxygen-containing chromium derivatives which 
have an amorphous structure react with fluorinating 
agents and. more particularly, with hydrofluoric acid. 
The rate of fluorinatioa of these compounds decreases 
exponentially as a function of the degree of 
fluorination of the catalyst. Thus, under the operating 
conditions generally employed in the gas phase 
(T < 450 -C), the fluorination of chromium(lll, can be 
divided into two stages: 

- a rapid initial fluorination which makes it 
possible to reach an P/ Cr atomic ratio of the order of 
1-5 in a few hours , 

- a second stage which produces much more' 
slowly (several hundred hours) an F/cr atomic ratio 

20 close to 3. 

Since this fluorination of the catalyst with 
HF Is exothermic, it requires a very gradual control 
(dilution in an inert substance, slow and controlled 
increase in temperature) . Another disadvantage is that 
25 it is accompanied by water formation which can. on the 
one hand, inhibit the catalytic activity and, on the 
other hand, give rise to high corrosion of the 
industrial tool in the presence of hydracids. 
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This is why, in industrial practice, the 
rapid fluorination stage is generally carried. out in... 
the absence of any organic product capable of reacting 
with the fluoridating reactant (HP, etc); this 
5 treatment is commonly called "catclyst activation". 
Because cf the corrosion risks, this activation stage 
is freguently conducted in a simplified plant where the 
crude reaction product is treated directly in scrubbing 
columns, without recovery and recycling of the 
10 unreacted fluorinating reactant. 

This partially fluorinated solid already 
catalyses fluorination reactions; this is why, because 
of its excessively long duration, more extensive 
fluorination of the chromium catalyst often takes place 
15 in the industrial unit for the fluorination of the 

organic predict in the presence of the reaction mixture 
(organic substances, HF, HCl, etc). This 
perfluorination of the catalyst in the industrial 
reactor is not without its disadvantages: 
20 * it: makes it necessary either to stop the 

activation stage in operating conditions close to those 
of* the unit for fluorination of the organic substances, 
or to carry out a very gradual start-up of the 
industrial unit, in order to spread out in time the 
25 release of water and of heat due to the fluorination of 
the catalyst. This exothermicity is additional to the 
unavoidable exothermicity of the adsorption of HF on 
the catalyst; 
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- it presents risk* of temperature runaway " 
with damage to the industrial tool ^ fco fche 
charge, in fact, an excessively great thermal shoe* of 
the f lucrinated catalyst is often reflected in a 

5 deterioration in it8 mechanical properties (formation 
of powder) ; 

- finally, formation of large quantities of 
water at point locations can result in rapid corrosion 
of the crucial components of the industrial tool. 

Hitherto, during the preparation and use of 
catalyses based on chromium oxides or hydroxides, in 
order to obtain acceptable catalytic performance it was 
recommended to preserve the amorpho., character by 
avoiding heat treatments at excessively high 

temperatures (> 4S0 »C) and under oxidi^„„ 

uaaer oxidizing atmosphere. 

^ has now been found that, provided that 

they have a sufficiently la*-™ „ 

ciently large specific surface, highly 

crystalline chromium oxides exhibit good activity for 
the catalytic fluorination of saturated halogenated 
aliphatic hydrocarbons. 

The pre.enc. of cryst. iline pnM „ ia ^ 
-aw. „ E . lyst fvlrgin ln rMpe e ^ ^ nuoriMting 

compounds and especiallv as i*. 

p cioiiy HP. After a rapid activation 

the o.t.iy. t . are alBO , t ia „ t toKardj ^ etaaBta ^ 
very , lishtly duriag their fchey ^ 

adv,„te 3 e o f eii.in.tin, the rise, of corrosion dne to 
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water formation, furthermore, when co„p araa vith tha 
amorphous catalysts, the crystalline catalysts are 
markedly l. ss sens.ti,. to thermal shocxs, especially 
to temperature rises due to the product!,* hazards. 
5 According to the present invention, there is 

therefore provided „ process for the ,as phase 
catalytic fluorination of a saturated halo,enat.d 
tlipbatie hydrocarbon by mean, of HP in the presence of 
• bul* or supported catalyst based on chronic, oxide or 
» oxides of chromium and of at W.st one other 

catalytioaliy active met.!, ln wbleh th . Mj „ ^ ^ 

the oxide ,s, is in the crystalline state and, when the 
catalyst is . bullt „ talvst< Us 

after ectivetion with HP, is at least . .>/,. 

As in the „se of the amorphous catalysts of 
the prior art, the crystalline chromium catalysts used 
accordin, tb the invention can be doped by the presence 
of et least one other catalyticall, active metal ,f ot 
example nichel, cobalt, me»,enese, „e S n«ium, iron, 
"no, vanadium etc, to improve the catalytic 
performance and/or the physicochemical properties of 
the catalysts. The atomic ratio: other active 
-etsl/chromium is ,..erally below 1. 2 aBd is praf . rably 
between 0.1 and i. 

The catalysts according to the invention can 
be obtained fro* amorphous chromiun, catalysts by 
s^ectinc the latter, before or after the y are forced, 
to a heat treatment in conditions which mafce it 
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possible to obtain the crystallization of the active 
species and to preserve a sufficient specific surface 
(> 8 nr/g after activation with HF) . - 

The crystallization atmcsphere is an 
> important parameter. Although it may be possihle to 
work under an inert suostance (nitrogen, argon, etc), 
it is preferred to perforin the heat treatment in an 
oxidizing atmosphere (air, oxygen, etc) whict makes it 
possible to initiate the crystallization at lower 
temperatures and to obtain a larger specific surface. 
The treatment temperature is also important because it 
directly affects the crystallization kinetics, the 
crystallite size and the nature of the crystalline 
phases. The minimum temperature for obtaining the 
crystallization of the chromium oxide or of the oxides 
of chromium and of the additional metal depends on the 
metallic precursors employed and can be determined by 
thermal or calorimetric analysis. I„ general, to . 
preserve a sufficient surface area, th, temperature of 
the treatment in air is between ZCQ and 750*C, 
preferably between 400 and 700'C; in the case of an 
undoped chromium oxide the temperature is 
advantageously lower than 650 °C. 

The duration of the heat treatment is quite 
obviously related to the ^^.^ paraa , eters/ but 

generally does not exceed 48 hours. In the majority of 
cases hating for 0.5 to 24 hours makes it possible to 
obain the required crystalline solid. The temperature 
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rise is preferably performed gradually (20 to 
200°c/hocT). 

The stacting amorphous catalysts can be 
prepared by the different techniques known to a person 
5 skilled in the art, which make it possible to obtain 
solids of large specific surface, for example by 
coprecipitation, i*i che form of hydroxides, of 
different metal salts, or by reduction of Cr0 3 . Without 
any limitation being implied, a preferred method for 
10 the preparation of bulk amorphous catalysts includes 
the following stages: 

a) dissolving in water a chromium (III ) salt 
(for example chloride, sulphate or nitrate) and 
optionally a precursor of at least one other metal, it 
15 being possible for this precursor to be a salt (for 
example chloride, nitrate, acetate, sulphate etc) or, 
provided it is soluble in the mixture, a metal oxide or 
hydroxide; 

b) formation of a sol by partial 
neutralization of the above solution with a base (NaOfl, 
NH t OH, amines etc), it being possible for this 
neutralization to be performed directly in the case of 
the precursors of the acetate or sulphate type, or to 
require heating between 60 and 95 °C beforehand in the 
case of the precursors of the nitrate or halide type; 

c) gelling of the sol by neutralization or 
basification to P H 6-11 (depending on the pi. of 
precipitation ot the active co-metal (s) ) by means of a 
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base (NaOH, NH,OH, amines, etc); and finally 

d) washing the gel and drying between 50 and 

200«C. 

To complete the f oration of the sol (stage 
5 b), a complexing agent for the chromium and/or the 

additional metals may l<b added to the aqueous solution 
of the precursors, such aS/ for example, ammonium 
acetate, sulphate or phosphate, in a quantity which can 
be up to five timmm the total number of moles of the 
10 precursors . 

The gel in stage c can also be obtained by 
reduction of CrO, in solution by means of a reducing 
ager.c such as methanol. 

The forming of the catalyst, effected before 
or after the crystalli 2ation operation, can be carried 
out in a manner known per «e, for example b y 
tabletting, extrusion or granulation. 

Various additives may also be added during 
the preparation of the catalysts to enhance their 
Physicochemical and catalytic properties, it is thus 
possible to add (% relative to the weight of the final 
catalyst) : 

- 2 to 30 % of powdered Cr,O a or Cr a CV2B 3 0 

dried beforehand at 300°C, or AIo-jcHo • 

' ^ AA a"> XB,0, to improve the 

mechanical behaviour of the final catalyst, 

- 0.1 to 5 % of graphite and/or 0.1 to 10 % 
of polyvinyl alcohol, to facilitate the forming by 
tabletting or extrusion, 
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- 0.1 to 20 % of floceulant such as ~ 
polyacrylates or polyacrylamides, to facilitate the 
filtration of the cake recovered after neutralisation. 
With a crystalline chromium catalyst 
S according to the invention the activation stage with HF 
can be considerably reduced. It is generally lifted to 
a temperature rise under HP in the absence of organic 
substances. However, if the catalyst has not been 
crystallized directly in the flucrination reactor, it 
is important to dry the catalyst under inert gas or in 
air before introducing HP, in order to eliminate any 
risk cf corrosion. The temperature of this drying may 
be between loo-C and the temperature employed for the 
crystalli 2a tion; it is preferred, however, to perform 
the drying at a temperature oZ between iso-c and a 
temperature which is 50-C lower than that at which the 
crystallization has been performed. 

Next, because of the heat of adsorption of HP 
on the catalyst, it is recommended to introduce this 
reactant gradually, at a temperature of between 50'C 
and 'the temperature set for the flucrination reaction 
of the organic substances. It is generally preferred to 
perform the activation at a temperature of between 100 
and 350-C and then, as soon as the HP adsorption peaks 
have passed, it is possible to rise directly to the 
temperature required for the flucrination reaction of 
the organic compound being studied. As there is no risk 
of the catalyst being fluorinated, it. is unnecessary to 
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keep to plateaus at different temperatures . When the 
catalyst is at the desired temperature it is possible" 
to commence the introduction of the organic reactants, 
and these generally replace the inert gas employed for 
5 the temperature ri6e. 

When the catalyst contains additives which 
react with the fluorinating agents it may be found 
necessary to begin with activation to ensure the 
fluorination of these compounds. However, given the low 
10 proportions of this third substance and generally its 
readiness to be fluorinated. the activation remains 
limited in time. This case corresponds to that of 
alumina, which is added to reinforce the mechanical 
properties of the catalyst. It does not associate with 
15 chromium but reacta with HP to form aluminium 
oxyfluorides or trifluoride. This alumina is 
fluorinated more readily than the chromium-based 
compounds and a rapid activation of the catalyst with 
HP at a temperature of 350-400 "C makes it possible to 
bind more than 80 % of the fluorine needed to convert 
it into A1F,. A catalyst is thus obtained which 
effectively does not change further in the synthesis 



20 
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25 



The crystalline catalysts according to the 
present invention can be employed for the gas phase 
fluorination of saturated halogenated aliphatic 
hydrocarbons with HP. They are particularly suitable 
for the fluorination of halogenated hydrocarbons 
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resulting in C.-C, fluorinated compounds containing one 
or more hydrogen atoms. As examples of sorting 
halogenated hydrocarbons the following compounds may'be 

mentioned, with no limitation being implied: CHC1 3 , 
5 CH 2 C1„ CB^l-CFCl,, CHCl^CFCl,, CHCl,-CClF a , CH 2 C1-CP,C1, 

C^-CCl,, CHCl^CF,, CHFC1-CF,, CH,C1-CF„ CH.-CCl.-CH,, 

CC1 3 -CF,-CH 3 , CCl.-CF.-CHCl,, CCl,-CF,-CH a Cl , CnCl^CHCl-CH, 

and CH,C1-CHC1-CH 3 . 

The temperature of the fluorination of the 
10 organic substances depends on the reaction being 

studied and quite obviously on the desired reaction 
products. Thus, i„ the case of a partial substitution 
of chlorine atoms with fluorine, the work is done at 
temperatures of between SO and 350'C, the substitution 
15 of all the chlorine atoms generally requiring 
temperatures of between 300 and 500'c. 

The contact time also depends on the reaction 
being studied and on the intended products. In most 
cases it is between 3 and 100 seconds; however, to 
0 obtain a good compromise between the degree of 

conversion and space time yield, the contact time is 
advantageously shorter than 30 seconds. 

The HF/organic compounds (s) molar ratio is 
also related to the reaction being studied. It depends, 
• -nong others, on the s toichiometry of the reaction, in 
most cases it can vary between 1/1 and 20/a but, here 
again, it is frequently lower than 10 in order to 
obtain high space time yields. 
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The working pressure is preferably between 1 
and 20 bars absolute (0.1 to 2 MPa) . 

Depending on their mechanical toughness, the 
catalysts according to the invention can work in a 
5 stationary bed or in a fluid bed. The catalysts whose 
activity has dropped as a consequence of fouling can be 
regenerated by purging the catalyst with a compound 
capable of oxidizing and converting the products 
(organic substances, coke etc) deposited on the 
10 catalyst as volatile products. Oxygen or a mixture 
containing oxygen (for example air) is perfectly 
suitable for this purpose and enables the initial 
activity of the catalyst to be restored. The 
exothermicity of this "combustion- must, of course, be 
controlled by controlling the flow rate of oxygen (at 
the beginning of regeneration a high dilution in an 
inert substance) to prevent a runaway of this 
regeneration and to avoid exceeding temperatures higher 
than 600-C. However, in contrast to the amorphous 
solids, the catalysts according to the invention are, 
as a result of their crystalline state, markedly less 
sensitive to temperature rises. 

To maintain the activity of the catalyst it 
is also possible to perform the fluorination reaction 
in the presence of oxygen introduced in an 0,/organic 
compound molar ratio which may range from 0.001 to 0.05 
and, preferably, is between 0.005 and 0.03. Here again , 
the crystalline catalysts are in a stable state to 
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better withstand high temperatures in *-k 

* emperacures in the presence, of 

oxygen . 

The following examples illustrate the 
invention without limiting it. 

5 PggPARATlQM OP «P HB CAT5 T .V<^ns 

Catalyst 1 rcr i0j calcined in a ir at 400-C, 
^0 g (0.075 mol, of chromiuni n . trate 
nonahydrate Cr (NOj ,,. 9H,0 and 32 g (0.225 mol, of 

t- oxalate monohydrate were added to 75 ml of 
water at ambient temperature and the mixture was then 
heated to 60 >c until the ammonium oxalate was 
completely dissolved. Th e solution was then cooled to 
0-C and then poured rapidly into a mixture of 375 ml 
of athanol and 375 ml of ethylene glycol. The 
Precipitate obtained was filtered and then washed 

The solid obtained was then decomposed i* air 

at 400«C for 5 minutes the ^ 

manures, the temperature rise being 

Performed at a rate of l«c/min. 
Catalyst 2 

Preparation as catalyat ^ ^ 

Cil01natl °' 1 ^ *« f °™<< -t .00-c inst ead of 4O0 . c 
A c.taly.t tUMu to eataiyst t wm 

«y.ta 1U „. phasa) , hut ttith , BET 
surface area of 16 ,,, /g _ 

Catalyst 3 (comparative) 

16° 9 of Cr.0,.28,0 ^ with 2 „ g o£ 
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an aqueous solution containing 12 % of polyvinyl 
alcohol, this alcohol facilitating the tahletting of 
this crystalline chroma oxida . After ^ 1QQOc 

for 15 hours the powder obtained was calcined in air at 
5 400-c for 4 hours before being formed by tahletting. 

Catalyst 4 (mixed Ni-Cr crystallized at 

600 "C) 

80 ml of a IK aqueous solution of chromium 
nitrate nonahydrate and 80 ml « a lM aqueous sollJtioa , 
of nickel chloride hexahydrate were mixed at ambient 
temperature. The mixture was then heated to 80-C and 
then cooled before 3.8 g of ^0,-2.4 H,0 were dispersed 
therein. The mixture was then neutrali 2e d by adding " 
50 ml of 1 4N agueous ammonia. After filtration and 
washing the product was dried at 100-C for 15 hours. 
0.4 g of grapnite and 5a g flf m agueous goiutiQn 

containing 12 % of polyvinyl ^ ^ ^ ^ 

the solid thus obtained. After renewed oryi ng at 100-C 
for 15 hours the powder obtained was calcined in air 
according to the following procedure: 

rise to 200'G ( 100'C/hour, , then a one-hour 
plateau, 

r iS e to 350-C (JOO'C/hour,, th.„ a tvo-hour 
plateau , 

rise to 600-C , 100-c/hour, , then a four-hour 
plateau. 

Catalyst 5 (mijced Ni~c r crystallized at 
500-C) 
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Same preparation as catalyst 4 except for the 
final calcination temperature (500'C instead of 600-C, . 
Catalyst 6 (mixed *i-Cr crystallized at 
400°C) 

Same preparation as catalyst 4 but with a 
final temperature of 400'c for the calcination. 

Catalyst 7 (comparative: amorphous mixed 
Ni-Cr) 

Same preparation as catalyst 4 , but the 
calcination in air up to 600-C is replaced by a heat 
treatment at 350«C under nitrogen. 

Catalyst a (mixed Cr-V crystallized at 500'C, 
20 g of cr (N0 3 , 3 . 9 fl 3 0 and 1.57 g of VC1, were 
produced into 100 ml of water. The solution was then 
neutralized to p B 6.4 with 14 ml of ,„ a q ueous 
— nia. The gel thus £orroed _ ^ ^ ^ ^ 
then filtered off and dried in thfi OVen &fc ^ ^ ^ 
hours. The powder obtained was then calcined in air 
according to the following procedure: 

rise to 200-C (100'C/hour) . then one-hour 
plateau, 

rise to 3S0-C (100-C/hour,, then two-hour 
plateau, 

rise to 500-C ( 100«c/hour> , then four-hour 
plateau. 

Catalyst 9 (comparative: amorphous mixed 
Cr-V) 

Same preparation as catalyst 8, but calcining 



I 

I 



10.MflY.2002 14:57 



PATENT EXPRESS 



NO. 973 P. 23/35 



19 



the powder under nitrogen at 350 'C for 4 hours. 

Catalyst 10 (crystalline mixed Cr-Mg) 
200 g (0.5 mol) of chromium nitrate 
nonahydrate and 26 g (0 .1 ao l, of magnesium nitrate 
5 hexahydrate were dissolved i„ 1 litre of ^ 
mixture was heated to 80«C for 2 hours and then made 
basic to p H 10.2 by the addition of aoueous anunoni*. 

The gel obtained was washed twice with 450 ml 
of distilled water and then dried at 100-C for 14 hours 
10 and finally calcined at 350-C in air for 4 hours. 

Catalyst 11 (crystalline mixed Cr-Zn) 
200 g of chromium nitrate nonahydrate and 
68 g (0.5 mol, of 2inc chloride were dissolved in 1 
litre of water. The whole was heated to 80 -C for 2 
15 hours with stirring and then taken to pH 6.7 by the 
addition of aqueous ammonia. 

The gel obtained was then washed twice with 
450 ml of distilled water and then dried at 100-C for 
14 hours and finally calcined in air at 400'C for 4 
2 0 hours . 

Catalyst 12 (comparative: amorphous mixed 
Cr-Zn) 

B— Proration , s eataly.t u, but with the 
*W carnation P e rfo *™ed at 300-c und « nitrogen . 

- ,.. T J>« Pfrtomwo. of catalysts 1 to 12 and that 
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of a crystalline bul* CrO, (catalyst 13 hereinafter) was 
tested, after activation with HP, in the fluorination 
of l-chloro-2,2,2-trifluorcethane (F133a) at 
atmospheric pressure. 

5 The hydrofluoric acid employed is a 

commercial product containing only traces of water and 
the starting F133a is a 99. 9% pure product . The 
employed is a 20-ml mconel tube heated by a tubular 



oven 
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Before the fluorination test the catalyst 
ml) placed ia the reactor f . rst ^ ^ 

under nitrogen ,5 l/ h) £or 2 hours ^ ^ ^ ^ 

activated according to one or other of the following 
activation methods: 

(a, Short activation at low temperature (for 
catalysts 1, 2 , 3, 8 and 13) 

HP is added gradually at 250 *C to the 
nitrogen stream and then, after the exothermicity peaks 
^e to the adsorption of HP on the catalyst have 
Passed, tbe latter is heated to the temperature chosen 
for the fluorination reaction. 

Na*t, at this temperature and without keeping 
to any p lat eau, the nitrogen is gradually replaced with 
F133a and the flow rates are adj usted to obtain the 
chosen HP/Fl33a molar ratio. 

(b> I*ng activation at low temperature (for 
catalysts 7, 9 , l0 ^ 12) 

Same activation as above but a plateau of 10 
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hours o 3S0»C is observed before introducing Fl33a. 

<c) Activation at high temperature (for 
catalysts 4, 5, 6 and 11) 

HF is added gradually at 250°C to the 
5 nitrogen stream and then, after the exothermic! ty peaks 
have passed, the catalyst is heated to 450*C (only 
4 00-C in the case of catalyst 6 and 350 "C in the case 
of catalyst 10). After a plateau of 6 hours at this 
temperature the latter is returned to 350«C and the 
10 nitrogen is gradually replaced with F133a to adjust the 
flow rates to the chosen HF/F133a molar ratio. 

Before being introduced into the reactor the 
reactants are mixed and heated to the reaction 
temperature in an Inconel preheater. 

After washing with water (removal of the 
hydracids, and drying over CaCl, the reaction products 
are analysed in li„ e by gas phase chromatography. 

The characteristics of each catalyst before 
activation (new catalyst) and after activation with HF 
are assembled in Table 1 which follows. The pore 
volumes shown were determined by mercury porosimetry 
and correspond to the volume of the pores of radius of 
between 4 run and 63 uni. 

The operating conditions and the results 
obtained in the tests for f luorination of F133a to 
F134a are collated in Table II. 

Table III gives the characteristics of the 
spent catalysts 4, 7 and 13, that is to say after the 
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fluoridation testa F9, pi 4 and P5 



respectively. 
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j TABLE IIT 

1 

I Characteristics of the spent catalysts 

1 



5 



10 



CATALYST NO. 




7 
/ 


1 J 


Age ( hours ) 


1 v w 


Zoo 


186 


BET surface area (raVg) 


32,4 




4!j . 4 


Weight analysis: 








Cr% 


25.7 


19.2 


60.7 . 


Ni% 


27.3 


21 




Al% 


7 


6.3 




F % 


18.3 


33.5 


3.5 



15 



20 



Tests PI, F2 and F3 show that it is possible 
to obtain good catalytic results, close to the 
thermodynamic equilibrium, with crystalline bulk 
catalysts of low fluorine content but which after 
activation have a surface area greater than 8 m 2 /g. 

In catalysts 1 and 2 the chromium is very 
predominantly in the oxidation state of III. On the 
other hand, in catalyst 13 in Tests F3, F4 and F5 the 
chromium is in the oxidation state of IV. Very good 
catalytic results are nevertheless obtained; a lifetime 
of 186 hours (Tests F4 and F5) even shows a very good 
stability of this activity. 

Test F6^ shows that a crystalline chromium 
oxide exhibiting a specific surface that is too low 



10 



15 



20 



25 



10.MRY.2002 14:58 POTENT EXPRESS NO. 973 P. 31/35 

27 

after activation (catalyst 3) results in a very low 
activity. 

Tests F7 to Pll show the influence of the 
crystallization temperature of a bulk Ni-Cr catalyst on 
its catalytic activity. The results obtained with a 
contact time of 4 seconds (Tests F7, P10 and Pll) show 
that the optimum crystallization temperature (best 
compromise between fluoridation of the catalyst during 
the activation and catalytic activity) is between 500. » 
and 600 *C. it is also found that catalyst 4, calcined 
at 600 <»c, exhibits a relatively stable activity (Tests 
P8 and P9) ; the slight deactivation observed is due 
solely to an initiation of coking of the catalyst 
because of a slightly low 0 2 /P133a ratio. On the other 
hand, if the fluorine contents of catalyst 4 are 
compared at different stages (Tables 1 and III) , it is 
found that this content effectively does not change 
further after activation; the change from 15 to 18 % 
over 400 hours of test corresponds to the fluorination 
of the alumina present in the catalyst, the active 
constituents of the catalyst (chromium and nickel 
derivatives) not being fluorinated, or very slightly 
so. 

When tested in similar operating conditions, 
the amorphous Ni-Cr catalyst (catalyst 7) has an 
activity equivalent to that of the crystalline Ni-Cr 
catalyst. However,, it is deactivated more rapidly and, 
above all, its fluorination continues during the 
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fluorination test to reach 33.5 % of fluorine after 
only 288 hours of test. 

Tests F15 and F16 make it possible to compare 
the catalytic activities of bulk catalysts based on 
5 chromium and vanadium, one being in amorphous form 

(catalyst 9), the other being crystalline (catalyst 8). 
Although slightly less active than its amorphous 
homologue, the crystalline catalyst has the advantage 
of being fluorinated very slightly; 3 # 5 % of fluorine 
10 after activation (19.7 % in the case of the amorphous 
catalyst) . 
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The claims defining the invention are as follows: 



lm Process for the gas phase catalytic 

flucrination of a saturated halogenated aliphatic 
hydrocarbon by means of hydrofluoric acid in the 

5 presence of a bulk or supported catalyst based on 

chromium oxide or oxides of chromium and at least one 
other catalytically active metal, in which the major 
part of the oxide <s) i a in the crystalline state and/ 
when the catalyst is a bulk catalyst, its specific 

) surface, after activation with HP, is at least a mVg. 

2. Process according to claim l, in which the 
metal associated with the chromium is chosen from 
magnesium, nickel, zinc, iron, cobalt, vanadium and 
manganese. 

3. Process according to Claim 2, in which the 
atomic ratio of other active metal/chromium is below 



1.2 
4. 



Process according to claim 2, in which the 
atomic ratio of other active metal /chromium is between 
o.i and l. 

5. Process according to any one of Claims 1 to 

4, in which the crystalline phase comprises the oxide 

Cr '°" Cr °- Nicr >°" *iCro„ NiCro 4 , MgCro 4 , or Zncr 2 o 4 or 
a mixture of these oxides. 

6. Process according to any one of Claims 1 to 

5, - in which the catalyst is obtained by subjecting an 
amorphous catalyst to heat treatment under conditions 
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sufficient to obtain the crystallization of the active 
species. 

7. Process according to Claim 6, in which the 
treatment is performed under inert or oxidizing 
atmosphere at a temperature of between 300 and 750°C. 

8. Process according to Claim 6, in which the 
treatment is performed under inert or oxidizing 
atmosphere at a temperature of between 400 and 700 <»C. 

9. Process according to any one of Claims 1 to ' 
8, in which, before the fluorination of the saturated 
halogenated aliphatic hydrocarbon, the catalyst is 
activated by means of HP at a temperature of between 
100 and 350°C. 

10. Process according to anyone of Claims 1 to 9, 
in which the halogenated hydrocarbon to be fluorinated 
is a C.-C, compound containing one or more hydrogen 
atoms . 

11. Process according to any one of claims 1 to 9 
in which l-chloro-2,2 # 2-trifluoroethane is fluorinated 
to 1,1,1,2-tetrafluoroethane. 

12. Process according to Claim 1, substantially 
as described in the Examples. 

13- A fluorinated hydrocarbon obtained by the 

process claimed in any one of Claims 1 to 12 . 

DATED this SEVENTH day of DECEMBER 1994 

Elf Acocherr. S.A. 

Patent Attorneys for the Applicant 
SPRUSON u FERGUSON 
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ABSTRACT 

GAS PHASE FLUCRJKATIQN BY MEANS OF 
CRYSTALLINE CATALYSTS 

The invention relates to the gas phase 
catalytic fluorination of saturated halogenated 
aliphatic hydrocarbons by means of H?. 

A bulk or supported catalyst is employed, 
based on chromium oxide or oxides of chromium and of at 
least one other catalytically active metal , in which 
the major part of the oxide (a) is in the crystalline 
state. In the case of a bulk catalyst, the specific 
surface, after activation with HP, is at least 8 m a /ff* 

Using this catalyst, good catalytic 
performance is achieved* 
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